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Abstract 
Identifying reliable methods to evaluate rural poverty alleviation projects is an on-going challenge. Advances in spatial analysis 
and remote sensing, in particular NDVI, (Normalized Difference Vegetation Index), provide new opportunities for poverty 
alleviation projects and rural communities to understand the context and effect of project initiatives. This study demonstrates the 
use of NDVI as a practical, low-cost method for evaluating the impact of rural community action and the possible association 
with vegetation change. 
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1. Introduction 
 
Evaluating poverty alleviation projects in rural areas is an on-going challenge, and identifying appropriate data 
that can effectively assess project impact is difficult [1]. Advances in spatial analysis tools have made it possible to 
access a wide variety of remote sensing data that can function as evaluation indicators. These remote sensing data 
have the potential to answer questions for rural poverty alleviation projects at a finer resolution, both spatially and 
temporally than may have been possible in the past. One example is vegetation monitoring data such as the 
Normalized Difference Vegetation Index (NDVI).  
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NDVI relies on the way that light is reflected by plants, in particular the different ways that near-infrared light 
and visible red light are absorbed and reflected [2]. This property of photosynthesizing plants, expressed as a 
numerical NDVI value has been shown to be a reliable indicator of both vegetation dynamics and intensity over a 
wide range of conditions of both climate and ecology [3, 4]. 
NDVI has been developed as a tool to measure a wide variety of vegetation-related characteristics including crop 
type and cropping area [5], famine and drought early warning [6], land cover types [7], soil erosion [8], and  
hydrological variation [9]. 
Not only has NDVI been used to measure basic vegetation metrics, it has also been employed as a proxy to 
reliably estimate biodiversity indicators such as species richness [10, 11, 12, 13], avian abundance [14, 15], tree 
species richness [16, 17, 18, 19, 20] and vegetation species abundance [21]. 
Subsistence farmers, such as those involved in this current study, commonly employ dispersed tree management 
systems such as agroforestry. These systems result in landscapes of complex vegetative mosaics combining trees, 
crops, and grazing grassland, making vegetation analysis significantly more challenging than more homogeneous 
cropping systems. Nevertheless NDVI has proven to be useful in mapping land use of small scale, fragmented farm 
systems [22, 23]. NDVI combined with slope and rainfall data provided accurate estimates of erosion risk in Uganda 
and resulted in a low-cost method to identify priority areas for watershed management [24]. A study in the Iberian 
Peninsula showed that NDVI could accurately detect dispersed tree cover in savannah woodland [25], similar to the 
conditions often found in subsistence farm systems. Moderate and low resolution NDVI data may be less precise in 
dispersed tree systems and should be supplemented with higher resolution data [26]. 
While a lack of precision may be a risk in some contexts, sufficient precision has been demonstrated in some 
studies, particularly where ground truthing and modelling is combined with NDVI estimation. In these cases, 
accurate estimates of tree biomass [27], as well as crop yield have been derived [28, 29, 30, 31]. 
Detection of long-term trends in vegetation dynamics, the primary purpose of this study, is a commonly utilized 
aspect of NDVI. NDVI is widely seen as a reliable way to measure surface vegetation and dynamics [32] over a 
wide range of climates and ecotypes [3, 4]. NDVI was used to study long-term variation in vegetation in Nigeria 
[33]. High resolution SPOT NDVI data has been successfully used to study vegetation dynamics in Northern China 
[34] as well as for long-term vegetation monitoring in Kenya [35]. Cumulated NDVI has been used to measure 
variability of farm systems in sub-Saharan Africa [36]. 
MODIS NDVI, the data-type used specifically in this study, has been useful in detecting long-term trends in a 
variety of environments including, grazing lands of Mongolia [37], and Etosha National Park in Namibia [38]. 
Research has indicated that while MODIS data is reliable for trend detection there is greater variability of results in 
more humid climates [39, 40]. 
The use of NDVI in fields such as forestry, ecology, and agriculture is well established, but its use as an 
evaluation method in community development or poverty alleviation is less well known. One of the earliest 
published studies showed that NDVI was a predictor of poverty incidence in Kenya and dates to 2005 [41]. A more 
recent study indicated that there was no simple statistical relationship between land degradation expressed as 
AVHRR-NDVI and poverty in China [42].  NDVI data was used as a tool to evaluate watershed development 
projects in India [43] and ecological restoration work in China [44].  Plant With Purpose, a sponsoring organization 
in this current study has been using NDVI since 2011 as a practical evaluation tool for measuring project impact 
[45]. 
Tracking vegetative cover in and around subsistence farm communities can increase understanding of the effect 
of agricultural activities on the landscape. Are communities clearing land for cropping? Are trees being cut for 
firewood or charcoal production? Are land management systems such as agroforestry having a positive effect on 
vegetative cover? Traditional methods in poverty alleviation studies rely on household surveys, or field data 
collection to measure the impact of subsistence farm communities on the environment, but remote sensing data such 
as NDVI provide the opportunity to answer these questions at a community scale and over multiple years. Being able 
to understand community action at a fine resolution both temporally and spatially is unprecedented and can result in 
a greater understanding of the dynamics of related landscape degradation and restoration. This improved 
understanding can help communities and poverty alleviation projects to develop better strategies for improving 
farming practices resulting in better community conditions and healthier landscapes. 
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In this current study we demonstrate a practical and low-cost example of the use of NDVI by a rural poverty 
alleviation project to measure impact at the community level. 
 
2. Materials & Methods 
 
2.1. Purpose of Study 
 
The organization involved in this study, Plant With Purpose, and its local affiliate, Floresta-Tanzania, work to 
alleviate poverty in rural areas through an integrated approach.  The organization works from the hypothesis that 
poverty and environmental degradation are intimately related and each contributes to the other.   
Subsistence farmers are impoverished in part by the degradation of their land, and at the same time are unable to 
invest in the restoration of their land due to the urgency of their immediate circumstances.  This degradation tends to 
increase in response to environmental and economic shock, for example increased tree cutting in Haiti in response to 
the 2010 earthquake or increased charcoal making in Ethiopia in response to drought. Since reforestation and 
environmental activities are voluntary rather than directly compensated, they are only engaged in when people have 
at least a modest surplus. Thus an increase in vegetation as measured by NDVI can be a proxy indicator for 
improving economic conditions.  
Similarly, it is hypothesized that watersheds with increasing vegetation will be more fertile and productive.  Thus 
an increase in NDVI is an indicator for the potential for future farm health and future prosperity.  
Plant With Purpose provides training and technical support to help communities establish savings groups based 
on the Village Savings and Loans Association model, or VSLA [46]. These savings groups, through additional 
technical support and training from Floresta-Tanzania actively adopt sustainable farming techniques such as 
agroforestry, and environmental conservation practices such as reforestation and watershed protection. Groups 
operate autonomously and receive no direct financial support from the training organization. The purpose of this 
study was to use remote sensing vegetation data, in this case NDVI as a low cost method to determine if the actions 
of local savings groups in rural areas supported by the training organization are having a measurable impact on local 
environmental conditions. 
 
2.2. Area of Study 
 
Communities targeted in this study are located in the Pangani watershed in Tanzania (see map). The Pangani river 
basin is approximately 44000 square kilometres in area and includes Mount Meru, Mount Kilimanjaro, as well as the 
Pare and Usambara mountain ranges. Approximately 130 savings groups in the Pangani watershed were part of the 
study representing approximately 4300 families and a geographic coverage of about 600 square kilometres. Study 
area is primarily agricultural and typified by complex mosaics of trees and crops associated with multi-story  
agroforestry systems. Farm communities in the study area often find themselves in close proximity to ecologically 
and touristically important areas, and therefore de facto managers of land with competing demands for limited 
resources. 




The MODIS NDVI product, MOD13A3 [47] was used as the primary source of data for measuring vegetation 
change in this study.  MOD13A3 provides 30 day NDVI and EVI products which are atmospherically corrected and 
masked for clouds, cloud shadows and other atmospheric contamination. MODIS NDVI has been shown to be a 
reliable estimator of vegetation dynamics and intensity over a wide range of climate and eco-types [3, 4]. Only data 
from MODIS was used for this study, since data across sensor systems is not easily compared directly [48, 32]. 
MODIS NDVI data was acquired for the period 2003 to 2013 representing one year before the inception of the 
project under study to present. 
Nation-wide community data was sourced from the Tanzanian Government National Bureau of Statistics (NBS), 
based on national Census data [49]. Savings group locations and data were based on GPS waypoints and field reports 
collected by Floresta Tanzania.  
 
2.4. Data analysis 
 
Raw NDVI 30 day average raster files were imported into ESRI ArcGIS Desktop 10.2. Data from three specific 
seasonal points, mid wet season (April), mid dry season (September) and transition between wet and dry seasons 
(June) were aggregated to generate NDVI annual mean values using ArcGIS-Cell Statistics. Annually aggregated 
NDVI values have been widely used both to classify fragmented farm systems such as those found in the study area 
and to reliably detect long-term change in vegetation [50, 23]. Data were analyzed for the period 2003 to 2013, the 
period for which Floresta-Tanzania worked with savings groups in the target area. Annual NDVI values were 
expressed as three year rolling means in order to smooth the variability caused by short-term vegetation changes. 
This yielded NDVI annual means for the period 2004 to 2012. 
Each of the 133 savings groups as well as all official villages recognized by the Tanzanian National Bureau of 
Statistics, located in the Pangani watershed [49] were assigned an annual mean  NDVI  value  for all available 
MODIS data for the period 2004 to 2013 using ArcGIS Extract Values. NDVI means were tested for long-term 




Savings-all All 133 savings groups working with Floresta Tanzania in Pangani watershed 
Savings-Marangu A subset of 67 savings groups from Savings-all located in the Marangu area of Moshi Rural 
 




A  subset of 115 official villages from Communities-all located in the Marangu area of Moshi Rural 
 
Groupings were selected to allow reasonable comparison between groups. That is, the ‘Savings-all’ and 
‘Communities-all’ groupings represented similar ecological and demographic conditions for comparing vegetation 
change, as these points were distributed across the Pangani Watershed. The ‘Savings-Marangu’ and the 
‘Communities-Marangu’ groupings also provided a comparison under similar conditions as the points in both these 
groupings were found in sub-watersheds of the Pangani located in the Marangu area at the foot of Mount 
Kilimanjaro. 
Trends were tested for significance using the Mann-Kendall Trend test [51], suitable for testing a trend over time, 
and where the data cannot be assumed to be normally distributed. 
Groupings were further analyzed for average NDVI value with respect to distance from the community. ArcGIS 
Focal Statistics was used to estimate mean NDVI and NDVI change values zero, one, two, five, and ten km distance 
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from the community grouping in question (see table 1).  Distance values were tested for significance using the 
Mann-Whitney U Test for nonparametric data. 
3. Results 
NDVI annual values showed a general downward trend for all four groupings, that is all savings groups combined 
(Savings-all), savings groups from Marangu only (Savings-Marangu), all communities in the Marangu area 
(Marangu-all), and all communities in the Pangani watershed (Pangani-all) as shown in figure 3. This indicates that 
over the ten year period vegetation likely decreased in all four groupings within the study area. The negative trend in 
NDVI was less severe among savings groups than communities in the Pangani watershed in general, but none of 

















However, from 2009 to 2012 (see figure 4), the trend among savings groups for NDVI is positive, and this pattern 
is statistically significant at the 10% level. NDVI trend for other communities during the same period was neutral or 
negative. In particular, savings groups in the Marangu area (Savings-Marangu) showed a steady increase in the mean 
annual value of NDVI compared to other communities in the same subwatershed area (Communities-Marangu). This 
suggests that in spite of being located in similar ecological and demographic conditions, locations where savings 
groups are present are experiencing a measurable increase in vegetation over the period in question. While 
correlation does not equal causation, it is known that the savings groups in question independently plant thousands 
of trees per year, utilize energy saving wood stoves, and practice a variety of sustainable farming practices. Data 
from internal evaluations by the organization involved in this study show that farmers who participate in savings 




























While there is no data at this time to directly link savings group tree planting activity and change in NDVI 
















NDVI means for 2012 as seen in Figure 6, tended to decrease with distance from any community grouping, 
however, savings groups showed consistently higher values of NDVI at least five km away from the community 
centre point.  These values were tested for statistical significance at the centre point and showed that savings groups 
were different from communities in the Marangu area, as well as the greater Pangani watershed region. Change in 
NDVI over the period 2009 to 2012 was also tested for a distance effect (Figure 7). Savings groups showed a 
positive change in NDVI for 2009-2012 at least one km away from the centre point, while average communities in 
Marangu and the Pangani watershed showed neutral or negative change at the centre point and all other distances. 
The difference between savings groups for this distance effect and other communities was statistically significant at 










































Trends in the data show a positive correlation between vegetative cover as expressed by NDVI mean annual 
values, and the presence of savings groups. While correlation does not equal causation, each of these savings groups 
independently plant thousands of trees per year, as well as engage in other environmentally beneficial activities such 
as the use of energy saving wood stoves, and agroforestry. Although the overall trend since the beginning of the 
project period, 2004, shows a negative trend for all grouping types, savings or not, the decrease in vegetative cover is 
not as severe where savings groups are present, and since 2009, there has been an increase in vegetative cover where 
savings groups are present. Other, non-savings group points show neutral or negative change over the same 2009 to 
2012 period. Furthermore, this positive effect is observed up to at least 1 km away from where a savings group is 
present. 
While other NDVI studies have been able to accurately model tree biomass or crop yield [27, 28, 29, 30, 31], this 
requires field plots and ground truthing to develop reliable models. This current study can only interpret the direction 
of vegetative change--positive or negative--and the relative quantity of change--greater or less. Further study will be 
required to more precisely quantify levels of change. Nevertheless, the kind of information generated by NDVI 
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analysis gives a poverty alleviation organization and farm communities unprecedented insight into their ecological 




Many factors other than the presence of an active tree planting community (savings group) may explain changes 
in vegetation and there is a risk of interpreting NDVI change as directly attributable to community action. However, 
selecting comparison groups in the same watershed, with the same ecotype, and similar populations, reduces the 
possibility of variance caused by other factors.  More sophisticated sampling and modelling can and perhaps should 
be done to distinguish one effect from another.  Promising new developments may help rural poverty alleviation 
projects develop new sources of data for understanding project and community action. For example, LIDAR and 
UAV (Unmanned Aerial Vehicles) allow high resolution data collection [52].  High resolution poverty maps are 
being developed as better modelling techniques are developed and as more spatially referenced data becomes 
available [53, 54, 55, 56]. Thus while NDVI provides an opportunity for better understanding of poverty and the 
effects of poverty alleviation efforts in rural areas, rapid changes in technology are creating new opportunities for 
analysis and understanding. 
This study demonstrates the use of NDVI as a practical low cost method to assess community action in rural 
areas.  Results show a strong association between the presence of savings groups and a positive change in vegetation 
over from 2009-2012. This information, while not proof of cause, better informs community groups and rural 
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